study is a preliminary analysis of the accuracy of various ionosphere models to correct single frequency altimeter height measurements for ionospheric path delay. In particular, research focused on adjusting empir/cal and parameterized ionosphere models in the parameterized real-time ionospheric specification modal (PRISM) 1.2 using total electron content (TEC) data from the global positioning system (GPS). The types of GPS data used to adjust PRISM included GPS line-of-sight (LOS) TEC data mapped to the vertical, and a grid of GPS derived TEC data in a sun-fixed longitude frame. The adjusted PRISM TEC values, as well as predictions by IRI-90, a climatological model, were compared to TOPEX/Poseidon (T/P) TEC measurements from the dual-frequency altimeter for a number of T/P tracks. When adjusted with GPS LOS data, the PRISM empirical model predicted TEC over 24 1 h data sets for a given local time to within a global error of 8.60 TECU rms during a midnight centered ionosphere and 9.74 TECU rms during a noon centered ionosphere. Using GPS derived sun-fixed TEC data, the PRISM parameterized model predicted TEC within an error of 8.47 TECU rms centered at midnight and 12.83 TECU rms centered at noon. From these best results, it is clear that the proposed requirement of 3--4 TECU global rms for TOPEX/Poseidon Follow-On will be very difficult to meet, even with a substantial increase in the number of GPS ground stations, with any realizable combination of the aforementioned models or data assimilation schemes.
range delay. Since some ocean signals have centimeter level magnitudes, it is necessary to correct for ionosphere delay in the altimeter measurements.
If a radar altimeter transmits at two frequencies, a first-order linear combination of the two signals can calibrate the delay to a sufficient level. However, because several missions, including Gcosat follow-on (GFO), to be launched in late 1997, and the ongoing European Space
Agency's ERS-1 and ERS-2 use of single frequency altimeters, calibration of ionosphere delay is a subject of considerable interest.
This study was undertaken to investigate techniques with the potential of supplying a measure of the sub-satellite TEC for the purpose of correcting altimeter range measurements.
The T/P follow-on ('rPFO) mission requires TEC measurements accurate to 2.5-4 TECU (0.5-0.8 cm range correction), based on the performance of T/P [I] . Reference [2] defines accuracy as the root mean square difference between the measurement and "truth" value for a large sample. For this study, we adopt the T/P TEC measurements as "truth."
Because climatological (monthly mean) models are known to be in error by as much as 50%, this work has focused on the pararneterized real-time ionospheric specification model (PRISM), capable of improving its TEC prediction by ingesting (adjusting to) /n situ ionospheric measurements. Two types of data derived from the dual frequency L band GPS signals were used to adjust PRISM: GPS satellite to ground station data mapped from the fine-of-sight 0-.OS) to the vertical at the point of intersection of the LOS with the ionosphere shell model at 350 km altitude. The second is a grid map of GPS-derived TEC data in a sun-fixed longitude frame [3] .
Another ionosphere TEC source available is the Doppler Orbitography and Radiopositioning Integrated by Satellite (DORIS) data provided on the T/P geophysical data records.
The DORIS data ar_ based on LOS TEC between the host satellite, T/P, to the ground stations. It is dependent on localized coverage by T/P and does not contain mesoscale information. Furthermore, the data from DORIS will be for a fixed time of day depending on the location of the line of nodes of the host satellite. This time of day will vary as the node regresses; however, the data will only be of significant value to an altimeter flying in the same time of day orbit. Although correcting TEC using DORIS data should be examined, other data and models currently available provide more globally useful range correction data. 2) Investigate othertochniques and data setsforimproving the PRISM model prediction.
3) Ewdt_tc and compare to other aforementionedmodels and methods for predicting TEC.
II. PRISM
PRISM was developed for the United States Air Force (USAF) Aix Weather Service by Computational Physics, Inc.
The goal of the model is to provide a near real-time specification of the ionosphere over the entire globe. PRISM predicts the composition of the ionosphere using two models, an URSI model, which is a set of interpolation coefficients for empirical estimation of the ionosphere, and a physical model, which is based on paramctcrized physical models of the various layers of the ionosphcrc. The paramcterized model divides the ionosphere into four separate physical layers and nses both gToand-basedand satellite-based measurements of the ionosphere to adjust physical parameters to more accurately determine ionospheric composition. This adjustment procedure can correct eight profile parameters at the data locations, using a weighting function, dependent on distance of the point of interest from the ingested data point, to specify a global ionosphere correction field [4] . For single frequency altimeter calibrations, the goal is to ingest third-party ionospheric data into PRISM to more closely predict actual sub-satellite TEC.
PRISM
[4] employs a procedure which enables it to adjust the paramctcfized physical model using a variety of ionosphere data. These data types include: bottomside soundings of the digital ionosphere sounding system, TEC data from any source, and ia situ plasma and auroral electron and ion fluxes from the DMSP satellites. Before any real-time adjustment is made, PRISM uses linear interpolation on Flo.r and K_ to obtain the best prediction of the state of the ionosphere from the parametcrized databases.Once thisisobtained, therealtime adjustmentprocedureuses the available dam to correct foreightprofile paramctcrsat each datasite. In between each measurement site, as willoften be thecase forthe altimctcr application, a weighted averagebased on distance is used to interpolate theeightadjustmentparameters. 
IV. GLOBAL GPS TEC DATA
Deriving GPS TEC data that is suitable for input into the PRISM model consists of measurements from the two L band signals (L1 at 1575.42 MHz and L2 at 1227.6 MHz) that, in theory, can be linearly combined in a straightforward manner to compute a measure of the TEC between the GPS satellite and receiver. In practice, however, this computation is complicated by the presence of hardware biases between the L1 and L2 channels in both the GPS satellite and GPS receiver.
To derive an absolute measure of LOS TEC, these biases must h GMT for Greenwich longitude.) This data is then processed to give estimates of the TEC associated with each grid point. Additionally, the process estimates GPS satellite and receiver biases as constants, which can be used in estimating uncertainties in the TEC data as previously described and for calculating absolute TEC from GPS data.
The grid consists of a network of stochastic (random walk) points in time that are updated hourly, along with their covariances, as new GPS TEC data are acquired. If GPS TEC data are not present over a grid point, the estimate of the grid point is not utxlated at that time, and its uncertainty increases according to the noise assigned to the stochastic parameter.
The TEC and covariances at each grid point are interpolated to a one-by-one degree resolution map to give estimates globally at every longitude and latitude point. Because the model was developed in a sun-fixed frame as a function of time, near global coverage can be attained. The accuracy is not as much limited by the spatial decorrelation of the ionosphere as it is by the temporal correlations (over a few hours) and the coverage and distribution of the GPS receivers.
VI. TOPEX DUAL FREQUENCY DATA
The T/P geophysical data records contain all relevant altimetric data including dual-frequency ionospheric range correction data which can be converted to LOS TEC. Measurements 
VII. RESULTS
A set of globally distributed TEC measurements were generated using GPS data (courtesy JPL) from March 12, night-time ionosphere is too small to notice any significant adjustment. These results demonstrate that the PRISM adjustment procedure matches the T/P TEC values reasonably well when the groundtrack passes near a GPS station. This is because the PRISM weight function used for adjusting incorporates information from a TEC measurement within 300 or 400 km of that measurement. For this reason, the weight function was modified to incorporate information up to 1000 km away from the measurement, having understood that this may result in some decorrelated information being used. PRISM was run again over the same three passes using the modified weight function giving rms differences of 7.1, 6.9, and 14.4 TECU, Graphical results presented here are for pass 60, a relatively active data set in which straight forward comparisons could be made. Table I gives rms and mean differences between TOPEX TEC and model predictions. Fig. 9 gives the predictions of the PRISM parameterized model for the same three cases of adjustment. For this PRISM base, the model adjusted with the weighted grid data conformed best to the general structure and data of the TOPEX TEC. The nns errors and mean deviations oftheparameterized model predictions also are given in Table I . From these errors, it is obvious that during a daytime ionosphere none of the methods predict TEC very accurately. The figures and data indicate that dl of these models underprediet the TOPEX TEC, and some even have difficulty in modeling the general structure of the ionosphere. It should also be noted that, although IRI-90 performs quite well for this specific TOPEX pass, when a larger data set is examined, the overall performance of this model is somewhat degraded (i.e., see Table II ).
Over a 24 h data set sampling local times of approximately noon and I am (i.e., passes 60 through 84), the rms values were computed for each of the base and adjusted models are given in Table II The performance of PRISM using JPL grid data is, however, promising considering this technique has only recently been developed. Marked improvement should be realized when advantage is taken of an expanding GPS network. Use of the sun-fixed TEC grid data for ingestion into PRISM should be studied further, particularly if grid maps based on observables from the now denser GPS network could be employed.
In addition, PRISM ingestion of DORIS data would likely yield similar accuracies as did the GPS data and grid maps and should also be examined at some point. However, it is clear that the TPFO requirement of 3--4 TECU global accuracy will be very difficult to meet using any realizable combination of these existing models and data assimilation schemes.
